In the present investigation it has been found that the ability of deoxycorticosterone and corticosterone to produce the theoretical amount of formaldehyde when treated with periodic acid is unimpaired by previous treatment with hot dilute mineral acids. The ability of cortisone to react with periodic acid to produce formaldehyde is reduced to negligible proportions by such treatment. As a result a method is described in this paper for the determination in urine of metabolites closely related to corticosterone and deoxycorticosterone.
Metabolites related to cortisone and similar 17-hydroxycorticoids are not included. A modified form of the periodic acid reaction has been employed.
The Liberation of Formaldehyde from Deoxycorticosterone Acetate and Cortisone Acetate Deoxycorticosterone and cortisone acetates do not react with periodic acid to produce formaldehyde under the conditions used by Daughaday, Jaffe, and Williams (1948) , since the terminal -CH2OH group is esterified with acetic acid. In view of the suggested lability of these substances to hot mineral acid, it was decided to investigate the possibility that the two reactions, (I) hydrolysis with a mineral acid at 100°C. and (2) the periodic reaction, could be run simLultaneously.
The steroid acetate. 1 mg. dissolved in 1 ml. of absolute alcohol, was distilled with dilute sulphuric acid and periodic acid and the quantity of formaldehyde liberated determined in an aliquot of the distillate. The details are exactly as those described below. Formaldehyde was determined from a curve obtained by subjecting known amounts of formaldehyde to the same treatment.
From the results shown in Table I it will be seen that the theoretical amount of formaldehyde could be obtained from both steroid acetates by the technique employed.
The effect of previous treatment with hot dilute mineral acid and hot alkali w\as then examined. Steroid acetate, 1 mg. dissolved in 1 ml. of absolute alcohol. was diluted to 10 ml. with water in a test tube and 0.5 ml. of concentrated sulphuric acid added. The tube was placed in a boiling water bath for half an hour and the formaldehyde liberated with periodic acid determined as described below.
This experiment was repeated, but the sulphuric acid was replaced by 3 ml. of N sodium hydroxide.
The results are shown in Table II . The ability of deoxycorticosterone to produce the theoretical amount of formaldehyde when allowed to react with periodic acid is unimpaired after treatment with hot dilute mineral acid. The effect of such treatment on cortisone is to reduce the formaldehyde produced to almost negligible proportions. The mixture is extracted three times with 50 ml. quantities of chloroform. The combined chloroform extracts are washed once with 50 ml. of N sodium hydroxide and twice with 50 ml. quantities of water. The chloroform extract is dehydrated with anhydrous sodium sulphate, and then evaporated to dryness in an all-glass still.
Treatment with Periodic Acid.-The dry residue of the above chloroform extract is dissolved in 1 ml. of absolute alcohol. This solution is transferred quantitatively to a 50-ml. flask attached to a watercooled condenser, together with water to a total volume of 10 ml. Periodic acid reagent, 5 ml., concentrated sulphuric acid, 0.5 ml., and a glass bead are added. The mixture is heated to boiling and the distillate collected in a conical tube (graduated at 10 ml.) containing 1 ml. of 1°, w/v sodium sulphite solution. Distillation is continued until a total volume of 10 ml. is obtained.
A complete blank is carried out at the same time.
Colorimetric Determination of Formaldehyde.-Into a test tube are measured 1 ml. of distillate, 2 ml. of water, and 5 ml. of chromotropic acid reagent. The contents are well mixed. A blank is set up at the same time in which 1 ml. of "blank'" distillate is used. The tubes are placed in a boiling water bath for 30 minutes, then cooled and diluted to 10 ml. with 9 M sulphuric acid.
Absorptions were read in a " unicam " spectrophotometer G.P. 350 at 565 in". The instrument was set with the blank.
Readings were calculated in terms of deoxycorticosterone from a curve prepared from a standard solution of the acetate.
Deoxycorticosterone Standard Curve. The standard curve was prepared by submitting 0.5, 1.0. 1.5, and 2.0 mg. of deoxycorticosterone acetate (0.5. 1.0, 1.5, and 2.0 ml. of the standard solution) to the above procedure, hydrolysis and extraction being omitted.
Recovery Experiments.-The following recovery experiments have been carried out : (1) known quantities of deoxycorticosterone acetate (0.5 and 1.0 mg.) were added to 100 ml. of urine, (2) known quantities of corticosterone (0.5 and 1.0 mg.) were added to 100 ml. of urine, and (3) 1 mg. quantities of cortisone acetate were added to 100 ml. of urine.
The recovery of deoxycorticosterone was 90-98%°o and of corticosterone was 84-90°'. The recovery of cortisone was negligible.
Excretion of Corticosterone-like Substances in Urine.-The determination of corticosterone-like substances has been carried out in human urine in the following conditions: (1) normal (Table I1I) , (2) hypoand hyper-adrenalism (Table III) , (3) before, during. and after the administration of A.C.T.H. (a typical case is illustrated in Fig. 1 ), (4) before, during, and after the administration of deoxycorticosterone acetate (Fig. 2) , (5) after the intravenous administration of deoxycorticosterone glucoside (Fig 3) , and (6) before and during the administration of cortisone acetate. Normal urine has been found to contain 4.5-7.5 mg.
per diem of corticosterone-like substances. Low values were found in hypo-adrenalism and increased values in hyper-adrenalism. Values were increased during the administration of A.C.T.H., deoxycorticosterone acetate, and glucoside. The administration of cortisone acetate produced no immediate effect. Discussion The adrenal cortical steroids are probably subjected to a variety of degradation reactions. It will only be possible to assign the origin of those metabolic products which possess a characteristic in chemical structure similar to that of the adrenal steroids. Steroids possessing the characteristic side chain, -CO.CH.,OH, or its reduced form, -CHOH.CH20H, can be regarded as having some definite relation to the biologically active steroids.
There are two general types of method available for the chemical determination of these metabolites : (1) reduction methods, and (2) group.bmj.com on June 22, 2017 -Published by http://jcp.bmj.com/ Downloaded from methods estimate only the free steroids, and in some cases a very small part of the conjugated steroids. In the present investigation it has been shown that the side chain that is typical of corticosterone and deoxycorticosterone is stable to the action of hot dilute mineral acid. This side chain is the source of the formaldehyde released on reaction of the steroids with periodic acid. For this reason, the standard hydrolytic procedure used in the determination of the 17-ketosteroids has been utilized as a preliminary to the determination of this group. It is almost certain, especially in the case of corticosterone, that some structural changes do occur as the result of this treatment resulting in the loss of biological activity. Substances such as cortisone, with a hydroxyl group attached to the seventeenth carbon atom, are so affected by hot dilute mineral acids as not to be determined.
Normal human urine appears to contain quite large amounts of steroid-like substances related to corticosterone. Recent publications (Pincus, Hechter, and Zaffaroni, 1951; Bush, 1952) have shown that 17-hydroxycorticosterone and corticosterone are major constituents of adrenal cortical secretions and that deoxycorticosterone is present but in smaller quantities.
The application of the present technique has produced some interesting results, but a complete picture of adrenal cortical activity cannot be obtained until methods are available for the determination of the 17-hydroxycorticoids. Work on this subject is now in progress. Summary When the acetates of deoxycorticosterone and cortisone are distilled with dilute sulphuric and periodic acids in aqueous solution, the theoretical amount of formaldehyde is obtained as determined colorimetrically with chromotropic acid.
The above reaction is unimpaired if deoxycorticosterone has been subjected to previous treatment with hot dilute mineral acids. Cortisone acetate produces but negligible amounts of formaldehyde with periodic acid if it had previously been treated with hot dilute mineral acids.
A method is described for the determination of the acid stable corticosteroids (corticosterone-like substances) in urine. This involves hydrolysis of the conjugates with hot dilute mineral acid. The steroid extract was subjected to a modified periodic acid technique and the formaldehyde liberated determined colorimetrically with chromotropic acid. Deoxycorticosterone and corticosterone added to urine could be recovered quantitatively. Cortisone added to urine could not be recovered.
Normal urine was found to contain 4.5 to 7.5 mg. per diem of corticosterone-like substances.
Low values were observed in hypo-adrenalism and elevated values in hyper-adrenalism.
Increased values followed the administration of deoxycorticosterone and A.C.T.H. No immediate effect followed the administration of cortisone.
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